An attempt was made to demonstrate the coexistence of specific and nonspecific effects consequent to the same brain lesions in human Ss. Results indicated that these effects vary, in part, as a function of the tests employed. For example, scores on the Verbal and Performance Scales of the WAIS were shown to be related to specific cerebral areas. When an additional, although more complex, "nonverbal" instrument was employed the results were found to be unrelated to area of lateralization. It was concluded that before attempts to localize "where" effects are involved, one should first proceed to a careful analysis of "what" abilities are measured by the particular tests employed.
Traditional theories of the effects of brain lesions in animals and man are generally dichotomous: that the effects are either specific or general. Meyer (1961) has criticized both theoretical positions for their failure to take adequate account of the conflicting data. The demonstration of concurrent specific and nonspecific effects might therefore advance explanatory alternatives to both hypotheses. It might also provide greater acceptance of the possibility that symmetry and asymmetry of hemispheric function need not represent mutually exclusive concepts in brain function. Teuber (1959) has suggested that specific effects (e.g., scotomas) can coexist with general effects (e.g., impairment on complex nonverbal perceptual tasks). Somewhat similar findings have been observed in Lashley's work with the rat. Using bilateral ablations, Lashley (1960) demonstrated that habits of the simple conditioned reflex type were dependent only upon the specific sensory areas involved. For more complex tasks, however, such as the conditioned reaction, delayed reaction or multiple stick problems, deterioration occurred after substantial lesions to any part of 1 This research was carried out while on a National Institute of Mental Health Postdoctoral Fellowship in the Division of Behavioral Sciences, J. Hillis Miller Health Center, University of Florida. The author is grateful to Frederick A. King and Lamar Roberts, Department of Neurosurgery, for their critical comments during the investigation. Particular acknowledgement is extended to my Research Assistant, Eileen Fennell, for her helpful editorial suggestions in preparing the manuscript. the cortex. The recent work of Warren, Grant, Hara, and Leavy (1963) , using unilateral lesions with rhesus monkeys, lends additional support to the view that specific and nonspecific effects can coexist. An adequate test of this problem would therefore seem to require one lesion to determine the existence of both effects in the same subject. The present study is addressed to this twofold problem.
The first part is concerned with the specific effects of brain lesions, particularly the verbal-nonverbal division of labor as measured by the WAIS (Wechsler, 19S8) . Factor analytic studies of the earlier Wechsler-Bellevue Scale (Cohen, 1952) found significant loadings on two main factors, a verbal organization and a nonverbal organization factor. Subsequent investigations have indicated that verbal abilities are associated primarily with left cerebral cortex functions, and that nonverbal perceptual abilities are associated with functions mediated by the right cerebral cortex (Milner, 1962; Reitan, 1962) . Replication of these findings has not been consistent (Heilbrun, 1956; Meyer & Jones, 1957) , nor has methodology always been adequate. In addition, this research has tended to impart considerable surplus meaning to such terms as "verbal" and "nonverbal" when different tests are employed. Finally, there have been few additional attempts to investigate concurrent nonspecific effects.
The second part is focused on possible nonspecific effects of brain lesions and employs an additional more complex measure of "non- verbal" perceptual performance. Previous investigation has found performance on this complex multivariate test (Block Rotation Test) to be generally independent of locus, laterality or type of brain lesion (Satz, 1963 (Satz, , 1964 . This test, however, did demonstrate rather powerful discrimination between organic and nonorganic criterion groups regardless of age, IQ, and education.
METHOD Subjects
Subjects were chosen from in-patient wards of the Teaching Hospital, University of Florida, School of Table 1 . The vascular, neoplastic, and atrophic brain lesions were all confined to either the left-or right-hemisphere group. Approximately 70% of the indeterminate-hemisphere group, however, was composed of the nonfocal traumatic head-injury cases and idiopathic convulsive disorders. Table 2 presents the mean data on age and Full Scale IQ (FIQ) for all groups. Analysis of variance of FIQ scores revealed sizable differences among groups on intellectual level (F = 5.1$, p<.01), but no significant difference among groups for age.
Tests
Specific effects. WAIS Verbal (VIQ) and Performance (PIQ) Scale scores were employed as measures of verbal and nonverbal performance.
Nonspecific effects. The Block Rotation Test, a 44-item visual-motor test designed for measurement of the rotation effect, was employed to test generalized cortical function. In the administration, the subject is presented with a series of simple block designs which are constructed by the experimenter. The designs are composed of two, three, or four blocks and involve solid red and white colors only. The subject is required to reconstruct each design (given additional blocks) as it would look if rotated 90 degrees to the left or to the right. The test is divided into two parts: Part A consists of IS stimulus designs presented in either the vertical or horizontal position; Part B consists of 7 stimulus designs presented at a 45 degree angle to the vertical or horizontal axis. A total of six rotation error variables are employed in the scoring; these errors are: errors in Part A, errors in Part B, total errors, duplication errors, angulation errors, and time errors. Age and Performance IQs are also included in the scoring.
The rotation error variables were selected on the basis of their significant correlation with brain dysfunction. Age was included because of its significant correlation with test errors. Performance IQ was used because of its high inverse correlation with errors and as a control for the nonverbal nature of this task (Satz, 1963 (Satz, , 1964 .
This procedure introduces a novel test situation for the subject which minimizes the use of previous experience and/or learning. The Block Rotation Test (BRT) differs further from other tests of brain function by requiring more than a mere reproduc-tion or recall of the stimulus materials. The rotated solution to each design is not embedded in the subject's stimulus field, but rather, is thought to depend heavily upon the utilization of more complex brainperceptual processes.
Discriminant function analysis (Fisher, 1936 ) was employed as the multivariate statistical procedure to predict the presence or absence of cortical dysfunction using eight continuous variables. This function is expressed by the following linear equation: (Satz, 1963) .
Hypotheses
The use of differential WAIS Scale scores generated a variety of hypotheses, only three or four of which have traditionally been investigated.
Sp.ecific effects (within groups).
The following four hypotheses were tested:
I. Verbal performance (VIQ) would be lower than nonverbal performance (PIQ) in cases of left-hemisphere lesions.
II. Verbal performance (VIQ) would be higher than nonverbal performance (PIQ) in cases of righthemisphere lesions.
III. Verbal performance (VIQ) would be no different than nonverbal performance (PIQ) in cases of indeterminate-hemisphere lesions.
IV. Verbal performance (VIQ) would be no different than nonverbal performance (PIQ) in the control cases.
Specific effects (between groups').
The following two hypotheses were tested:
V. Verbal performance (VIQ) in the left-hemisphere cases would be lower than verbal performance (VIQ) for the right-hemisphere, indeterminatehemisphere, and control cases.
VI. Nonverbal performance (PIQ) in the righthemisphere cases would be lower than nonverbal performance (PIQ) in the left-hemisphere, indeterminate-hemisphere, and control cases.
Nonspecific effects. Chi-square analyses were run on the distribution of discriminant function Z scores to test the following hypotheses:
VII. The Z scores for the combined neurological groups and for the controls would not be independent of the two criteria (organic versus control).
VIII. The range of Z scores between the neurological groups would be independent of the criteria of classification (i.e., that the Z scores would not be related to the site of the lesion).
RESULTS

Tests for specific effects (within groups).
Results of this analysis ( 
Tests for specific effects (between groups).
It was felt that an additional, if not more critical test of the verbal-nonverbal division of labor would be to treat each criterion group as an independent treatment group being measured on only one WAIS Scale at a time. In view of support for the first four hypotheses, one would expect maximal impairment on Verbal IQ functions for the lefthemisphere group (Hypothesis V), and maximal impairment on Performance IQ functions for the right-hemisphere group (Hypothesis VI). A basic problem encountered in such an analysis relates to the marked difference in Full Scale IQ (FIQ) between the four treatment groups. Covariance adjustments for FIQ were therefore made on VIQ and PIQ separately.
The results of these two covariance analyses (Hypotheses V & VI) are presented in Tables 4 and 5 , respectively. Inspection of Table 4 indicates an overall difference between groups on the adjusted Verbal IQ scores (F -6.10, p < .01). Individual comparisons of the adjusted mean scores show that the lowest VIQ was obtained by the left-hemisphere group (VIQ = 93.46). Tests jor nonspecific effects. The discriminant function z scores were divided into four categories, with two falling above the critical cutoff point (Z = 450.05) and two falling below it. A chi-square test of significance was run between the criteria of organic (LH, RH, IH cases) versus control (medical and psychiatric cases) and the range of Z scores. The computed chi-square value of 32.285 was highly significant (df 3, p < .001), thus supporting the hypothesis of a relationship between z scores and criteria of brain disorder versus no brain disorder (Hypothesis VII). The cutoff value (Z = 450.05) correctly classified 82.05% of the subjects. Errors in classification were as follows: false positives, 17.65%, and false negatives, 18.18%.
A second chi-square test of significance was run between left-hemisphere, right-hemisphere, and indeterminate-hemisphere groups and the distribution of Z scores. The computed chi-square value of 5.31 was not significant (dj 6, p > .50), thus supporting the hypothesis of independence between the Z scores and the site of the lesion in the organic cases (Hypothesis VIII).
DISCUSSION
The present findings suggest that the verbal-nonverbal division of labor, as measured by the WAIS, does provide one meaningful framework for discussion of hemispheric asymmetry of function in man. Such findings are, of course, not new. The discrepant findings of Heilbrun (1956) and Meyer and Jones (1957) do present serious counterevidence to the assumed dominance of nonverbal-perceptual functions for the right cerebral cortex. One plausible explanation for these discrepancies is that different "nonverbal" measures were employed in the above studies. Considerable caution would therefore seem warranted, particularly in extrapolation, when employing different nonverbal measures.
A discrepancy in nonverbal function was obtained in the present study by employing an additional more complex perceptual task (BRT). Under this condition, the behavioral effects were found to be unrelated to the site of hemispheric lesions, thereby giving support to the hypothesis which predicted nonspecific effects with this task. Similar nonspecific effects were obtained in a previous study by Teuber and Weinstein (1956) employing complex visual and tactual tasks. For example, visual performance on the Embedded Figures Test (Teuber, 19S9) was found to be unrelated to either locus or laterality of brain lesions. The complexity of the dependent variables employed was cited by Lashley (1963) to account for possible general effects of lesions in rats. He reasoned: "that the maze habits are more complex, are dependent upon the activity of larger amounts of tissue, and hence are not functionally identified with any particular cerebral area [p. 141] ." According to Teuber and Weinstein (19S6) : "If adequate performance on a test depends on a number of different functions each of which is crucial, then any lesion sufficient to upset one of them may lead to significant general impairment [p. 377] ."
If behavioral effects, after cerebral lesions, are shown to vary so closely as a function of the nature of the tests employed, then much more attention to these factors would seem necessary before further attempts are made to delineate specialized centers in the animal and human brain. The attempt to ascribe test deficits to specific cerebral lesions without an analysis of the abilities involved in test performance is hazardous (Orbach, 1959) . Teuber and Weinstein (1955) have pointed out that all too often the tendency is to stop when the "where" is demonstrated, without proceeding to analyze "what" we mean by localization. According to Meyer (1961) : "If the nature of a deficit is not precisely defined by careful investigation, the only valid conclusion is that a lesion produces some complex dysfunction resulting in impairment on a test [p. 56] ." With this in mind, the following analysis of performance on the Block Rotation Test (BRT) is presented in an attempt to account for the nonspecific effects with this test.
A number of possible functions relating to performance on the BRT have previously been discussed (Satz, 1963) . The subject is not asked to merely copy stimulus lines or drawings, nor is he asked to remember these designs. Furthermore, he is not required to find hidden figures in geometric patterns. Correct performance seems to require a displacement from the sensory stimulus cues, and the activation of more complex brain-perceptual processes, that is, the ability to organize perceptually the figure-ground relationships of the various designs in the absence of a visual representation of the final arrangement.
Three postulated levels of performance on the BRT were separately analyzed in an earlier study (Satz, 1963) . Level I was defined as the perception of the stimulus design as presented by the experimenter. Level II was defined as perception of the rotated stimulus image; and Level III was defined as motoric translation of the rotated perceptual image. These three levels apparently interact in that an impairment at Level I, that is, an inability to correctly perceive the stimulus design, leads to a breakdown in performance at the two higher levels. In like manner, an error at Level II, that is, the inability to correctly visualize the rotated stimulus design, necessarily leads to an error in performance at Level III. An impairment at Levels II or III does not, however, necessitate an error at Level I; for the subject may be able to correctly perceive the initial stimulus design, but may not be able to perform correctly at the two more difficult levels (Levels II and III). Evidence for this test behavior was found in the previous study in which several of the organic subjects failed by merely reproducing the experimenter's stimulus designs. A reproduction of the stimulus design, however, indicates by definition, correct perception at Level I. This type of error performance parallels rather closely the concept of "stimulus boundness" cited by other investigators (Goldstein, 1959; Hemmendinger, 1953) . It also suggests that different levels of perception might be involved in performance on a task such as the BRT; first, a lower level recognition-discrimination system, and second, a higher level system involving more complex integrative perceptual processes. Birch (1960, 1962) have recently advanced support for a similar hypothesis of levels in perception.
The preceding analysis of the BRT indi-cates that an error at any of the three levels will lead to general impairment on any test item. If it could be demonstrated that different brain lesions have different effects on each of these levels, then one could account for the nonspecific effects obtained with this test. A lesion sufficient to upset one of the postulated levels would lead to significant general impairment. More research is, of course, needed with the BRT in order to demonstrate more clearly how the three levels of perceptual functioning interact under varying conditions of localized brain disorder in man. Without a careful analysis of the functions measured by our behavioral instruments, the process of ascribing test deficits to specific cerebral lesions could easily lead to untenable descriptions of brain localization in both animal and human research.
The present findings demonstrate a twofold effect of brain lesions in man. The effects, both specific and general, appear in part to be a function of the types of tests employed. It is possible that the complexity or breadth of the functions measured by the test might determine the nonspecific effects obtained. These findings therefore stress the importance of more careful analysis of "what" functions are measured by the behavioral tests, in addition to localizing "where" the effects are involved.
